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INTRODUCTION 
The Wohl-Zlegler reaction originally Involved only the 
replacement of a hydrogen atom on a carlDon atom adjacent to 
a carbon-carbon double bond by bromine through the agency of 
N-bromoeucclnimide and other N-halo compounde. Later -^irlth 
the introduction of peroxides as catalyete, the reaction was 
extended to include bromination of side chaine on aromatic 
and heterocyclic compounds and the preparation of cA-bromo-
ketones (1), 
Bromination by N-bromosuccinimlde involves a free 
radical chain mechanlBm, for the reaction is initiated by 
light and peroxides and inhibited by email amounts of com­
pounds vhich are known to react with free radicals. The 
susceptibility of hydrogen in an o<-position adjacent to a 
carbon-carbon double bond to attack by radicals is vell-
known. Among the free radical reactions which Involve re­
placement of c/.-methyl or cX-methylenic hydrogen atoms are 
vapor phase chlorination, substitution by a phenyl group 
using benzenediazonlum chloride or dibenzoyl peroxide, and 
autoxidation (2). 
The present study was undertaken then to investigate 
the type of free radical mechanism involved. If the occur­
rence of an allylic rearrangement after the formation of the 
2 
bromides can toe definitely excluded, the dletrltoutlon of the 
radioactivity in the product obtained from the reaction of 
1-cyclohexene-l-C^^ with N-bromoBucclnimide should make It 
poBsible to dietinguish between a mechaniem which involves 
T li 
a meeomeric cyclohexenyl-C"^^ radical and one which involves 
1 ii 
a concerted reaction of the l-cyclohexene-l-G-^ with a euc-
cinimldyl radical and a molecule of N-bromoBUCcinlmide. 
The meBomerlc cyclohexenyl-C^^ radical would give rise 
to 3-feromocyclohexene-l-C^^-2, 3-bromocyclohexene-l-C^^-l, 
and 3-bromocyclohexene-l-C^^-3 in the mole ratio of 2:1:1, 
respectively, and therefore three-fourthe of the radio­
activity would be in the double bond. 
By a concerted mechaniem 3-bromocyclohexene-l-C^^-2 
and 3-bromocyclohexene-l-C^^-l would be obtained and all of 
the activity would be in the double bond. 
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HISTORICAL REVIEW 
Besides initiation by peroxides and light and inhibi­
tion by email quantities of eubetancee which react with free 
radicals, other features of the Wohl-Ziegler reaction indi­
cate a free radical mechaniera, Bloomfield (3) obtained from 
the reaction of acetone-extracted crepe rubber and N-bromosuc-
cinimide a bromo rubber of the empirical formula 
The iodine value of this bromo-rubber was found to be con­
siderably lower than that required for simple substitution 
bromine. Since there was no reason for believing that the 
course of the reaction was any other than that involving 
attack at an c/s-methylenic position, the reduction of un-
eaturation was attributed to the occurrence of cyclization 
during the course of the bromination. A decrease in iodine 
value was also observed upon chlorination of this rubber and 
was again explained by the occurrence of cyclization. The 
reaction of the rubber with N-bromosuccinlmide was carried 
out in refluxing carbon tetrachloride, the conditions usually 
employed in the Wohl-Ziegler reaction. 
Bloomfield depicted the course of the bromination by 
the following radical-chain mechanism. 
Initiation 
r-P 
NBr 
Propagation 
N' 4 + 
0 
-f- Br« 
-CHa J:H, 
pCHj-
-CH, 
, NH + 
-CIHa ^CH, 
r^H.-
CH, 
Cycllzation of a meeomerlc free radical 
-CH, ^CH, 
V-CHa-
y 
Propagation 
-CH, 
-CK CH, 
k^CH, 
CHi-
k^ H 
+ NBr 4 
-CH. ^CH. 
01 -CH,-
k^CH 
N' 
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Termination 
-CH. CH. 
./^CHr + Br' 
CH3 
The initial hydrogen abstraction could be effected by 
a bromine atom ae well ae by a succinimidyl radical for the 
energies of the hydrogen-bromine and hydrogen-nitrogen bonds 
are comparable (4), However, eubeequent hydrogen abstraction 
will be by the succinimidyl radical. This reaction of the 
alkenyl radical with N-bromoeuccinimide to form the bromo-
alkene and the euccinimidyl radical and not the succinlmido-
alkene and a bromine atom can be attributed chiefly to the 
high resonance stabilization of the Buccinimldyl radical and 
to a lesser extent to the gomewhat greater energy of the 
carbon-bromine bond compared with that of the carbon-nitrogen 
bond (4), 
Evidence for the homolytic cleavage of N-bromoeuccini­
mide in the initiation step of the above mechanism is avail­
able from several eourcee. Such cleavage would be favored 
by the closely similar electronegativity values for nitrogen 
6 
and bromine, Robertson and Waters (5) found that the autoxi-
dation of tetralln at 76°C is catalyzed by N-brorooBucclnimide 
and other "positive" halogen compounds. Either the euccinl-
midyl radical or the bromine radical could abf?tract a hydro­
gen atom from the hydrocarbon, and reaction of the hydrocarbon 
radical with oxygen would then follow to form a hydroperoxide 
radi cal, 
Dlbentoyl peroxide undoubtedly catalyzes the Wohl-
Zlegler brominatlon by the reaction of phenyl radicals, which 
result from the thermal decompoBltion of the peroxide, with 
the N-bromoeuccinlmide to form succlnimldyl radicals and 
bromobenzene. There are, however, no reports in the litera­
ture concerning the isolation of bromobenzene from the direct 
reaction between N-bromosucclnlniide and dibenzoyl r^eroxide 
in an inert solvent. 
Other compounds which readily give rise to free radicals 
upon application of heat should initiate the Wohl-Ziegler re­
action in the same way as dibenzoyl peroxide. Among these 
compounds are tertiary aliphatic azo-compounds such as 2,2'-
azo-bl6-2-methylbutyronitrlle and dimethyl 2,2'-azo-bi8-
leobutyrate. Ford and -/atere (6) Isolated from the reaction 
between equivalent quantities of N-broraosuccinlmlde and 2,2'-
azo-bl8-2-methylbutyronltrlle in a slurry of carbon tetra­
chloride a 39 per cent yield of 2-bromo-2-methylbutyronltrlle 
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together with succinimide in 20 per cent yield, both calcu­
lated on the basie of the N-bromosuccinimide coneumed. The 
yield of ^-diethyldimethylguccinonitrile calculated on the 
azo-nitrile was 4l per cent. The reaction was vigorous and 
careful control was necessary to prevent it from becoming 
explosive. The succinimide was probably obtained by the 
disproportionation reaction shown below. 
Ford and Waters also found that the tertiary azo-
compounds were very effective in catalyzing brominatlons by 
N-bromosuccinimide. With 1 mole per cent of catalyst (cal­
culated on the N-bromoeuccinimide used) toluene gave benzyl 
bromide in 66 per cent yield, together with about 10 per 
cent of benzylidene dibromide, and as would be expected for 
a radical-chain mechanism thie substitution could be inhibited 
by small amounts of iodine or chloranil. 
In the presence of the same amount of catalyst cyclo-
hexene gave a 75 per cent yield of 3-t)romocyclohexene-l in 
a vigorous reaction, and even cyclohexane gave a 48 per cent 
yield of cyclohexyl bromide. In the absence of the azo-
catalyet no bromination occurred when toluene and cyclo­
hexane were refluxed with N-bromosuccinimide. 
N- H- CH.CH.CCN NH + CH3CH=CCN 
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Due to Its high resonance etablllzation the Bucclnimldyl 
radical ie of low reactivity unless reaction results in the 
formetion of another stable radical and Is aided by the 
production of a new bond of considerable strength. Both of 
these conditions are fulfilled in the removal of an c< -
hydrogen in an alkene, N-Bromosuccinlmide does not react 
with refluxing carbon tetrachloride or with refluxing benzene 
in the absence of -methylenic olefins. Even in the r-res-
ence of 5 mole per cent of dlbenzoyl peroxide no reaction 
took place between N-bromosucoiniinlde and benzene after 9 
hours of refluxing (7). However, the formation of small 
amounts of N-phenylsucciniffiide have been observed in the re­
actions of some c< -methylenlc olefins with N-bromosuccinliBlde 
in benzene in the presence of peroxides. With cyclohexene 
(8) the yield of N-phenylBUCclnimide was only 1 per cent, but 
with methylenecyclobutane (9) and cyclobutene (10) which re­
act with N-bromosuccinimide at a slower rate the yields of 
N-phenylsucclnimide were 15 per cent and 12 per cent, 
respectively. 
In many free radical reactions the point of attack is 
determined by the degree to which the resulting free can be 
stabilized by resonance (11). The direction of the addition 
of hydrogen bromide to olefins in the presence of peroxides 
or ultraviolet light is such as to form the more stable free 
9 
radical by the addition of a bromine atom. For example, in 
the addition of hydrogen bromide to propene under the above 
conditione the free radical, CH2CHCH2Br, is formed where there 
are five contributing hyperconjugative resonance etructuree 
involving carbon-hydrogen bonds and one involving a carbon-
bromine bond. The radical, CHTCH(Br)CH2*, with three addi­
tional contributing etructuree which involve a carbon-
hydrogen bond, a carbon-bromine bond, and a carbon-carbon 
bone' is not formed. 
However, in the case of ^ -unsaturated acids and 
esters the mode of addition is the same under normal and 
radical-forming conditions. For example, with crotonic acid 
the bromine atom adds so as to form CH|^CH(Br)CHCOOH and not 
GH^CHCH( Br)COOH. I'he first radical is stabilized by resonance 
which involves the carboxyl group and also by three forme 
which involve hyperconjugation. For the second radical the 
additional contributing structures involve only hyperconjuga­
tive resonance. Since a carbon-oxygen double bond is a 
better eource of electrons for electron-pairing with the odd 
electron than a carbon-hydrogen or carbon-bromine bond, the 
first radical is stabilized relative to the second. 
In the reaction of eulfuryl chloride with primary 
active amyl chloride in the presence of peroxide the free 
radical, CH|^CH2C(CH^)CH2C1, is formed in large excess. 
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Nine additional contributing etructuree involvina* hypercon-
Jugative resonance make this radical more stable than those 
which would result from hydrogen abstraction at the other 
four carbon atomB, 
Bolland (12) has developed a correlation between ole-
finic structure and eueceptibility to autoxidation in which 
resonance stabilization of the free radical which results 
from abstraction of an o^s-iaethyl or o<-methylenic hydrogen 
by a peroxide radical seeme to be an important factor in 
determining the oxidizability. Aseuming the equivalency of 
different alkyl groups Bolland eumraarized his conclusions 
in the form of four rules which refer to propene, CHo-CHsCHo, (aj (b) (cT 
at 45°C. 
1. Replacement of one or two hydrogen atoms at (a) and/ 
or (c) bj? alkyl groups increases the rate of hydro­
gen abstraction by 3.3^ ^ 'here n is the total number 
of substituents; similar replacement at (b) is 
without effect. 
2. Replacement of a hydrogen atom at (a) by a phenyl 
groups increases the rate of hydrogen abstraction 
23-fold. 
3. Replacement of a hydrogen atom at (a) by an alkenyl-1 
group increases the rate of hydrogen abstraction 
107-fold. 
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4, The rate of hydrogen abstraction appropriate to an 
ofv-methylenlc group present in a cyclic structure 
is 1,7 times greater than that of the group con­
tained in an analogous acyclic structure. 
Similarly, in bromlnations by N-bromoeucclnimide the 
site of attack in many bases seems to be determined by the 
stability of the radical which will result fro® hydrogen 
abstraction, Ziegler et al. (13) found that with few ex­
ceptions N-bromosuccinimide reacted at a much grer-ter rate 
with an cTC-methylenic hydrogen atom than with an o<,-methyl 
hydrogen atom. They also observed that allylic tertiary 
hydrogen atoms in general were not attecked. This is dif­
ficult to understand for a tertiary radical should be more 
highly stabilized by resonance than a secondary one. How-
eTer, later work by Schmidt and Karrer (14) showed that such 
a hydrogen atom would undergo displacement readily when the 
bromination was carried out in the presence of a small 
amount of dibenzoyl peroxide, 
Bateman, Cunneen, and Koch (15) carried out the Wohl-
Elegler bromination with dihydromyrcene which has the struc­
ture shown below. 
CH. pH, 
ch,(!;=chch,ch,c=chch. 
12 
An excess of the hydrocarbon was used and the mixture was 
heated under reflux In carbon tetrachloride until all of the 
N-bromoeuccinlmlde had been consumed. Infrared analysis 
showed that 76.5 per cent of the product resulted from hydro­
gen abstraction at the more reactive o<^-methylenic positions. 
Barnes and Buckwalter (16) also observed the selective 
action of N-bromosuccinimide in their stud^? of the bromlna-
tion of 
in carbon tetrachloride in the presence of dibenzoyl per­
oxide, In each case the products obtained corresponded to 
removal of hydrogen at the position which would give the most 
highly resonance-stabilized free radical Intermediate. These 
positions are indicated by the arrows. 
From l-(^-phenylsthyl)-l-cyclohexene (I) stilbene (VII) 
was formed as the major reaction product. The reactions 
leading to its formation are 
I Iff W 
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-HBr I) NBS 
2) -HBr 
:3L m 
l-Styrylcyclohexene-l (V) and l-etyrylcyclohexadiene-1,3 (VI) 
would be expected to undergo very rapid bromlnatlon and de~ 
hydrobromination because of the extensive conjugated eyBteine 
present. 
Compound V could also be formed by dehydrobrominatlon 
of l-(c?C-bromo-^-phenylethyl)-cyclohexene-l (VIII). 
However, attack at this less reactive o<,-position wae elimi­
nated by the absence of any detectable amount of phenanthrene. 
Reaction at this position would have been accompanied by 
reaction at the even more reactive allyl positions in the 
ring (12). Attack at the 6-poeition in the ring %'ould prob­
ably have resulted in cyclization and then in the formation 
of phenanthrene by further bromination and elimination. 
From compounds II, III, and IV the expected bromides 
were obtained, except that part of the bromide from IV 
underwent dehydrohalogenation. 
If a resonance-stabilized free radical is an essential 
intermediate in brominations by N-bromoeuccinimide, the re­
action would not be expected to take place with compounds 
where such resonance stabilization is not r)0B8ible, Such a 
compound is camphene (IX) where the only -methylenic 
hydrogen is located at a bridgehead carbon of the bicyclic 
ring system. The free radical (X) which would result from 
removal of this hydrogen would not be expected to be stabi­
lized by resonance contributions of forme involvii^ a bridge­
head double bond such as XI and XII and its formation should 
be difficult or imposeible. 
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CH.>CH3 
KL^ch, 
ch«^h, 
^vU^CH, 
CH,pCH, ^ CH, rCH, 
nx: 31 ZE 
Roberte and Trumbull (1?) found that the reaction of 
IX with N-bromoeuccinimide required 20 houre at the tempera­
ture of refluxing carbon tetrachloride in the presence of 
dibenzoyl peroxide or on irradiation with ultraviolet light, 
while most olefins require 0,5 to 3 hours for reaction with 
N-bromosuccinimide. A 35 per cent yield of material was ob­
tained with the composition of a monobroiaocamphene. Of this 
mixture 65 per cent was found to be unreactive and was 
identified as the vinyl bromide, S-bromocemphene (XIII). 
The structures of the more reactive bromides were not 
established, but the presence of any 1-bromocamphene was 
considered unlikely because of the very low reactivity of 
halides of this type. 
The following free radical mechanism was formulated 
for the preparation of XIII, 
16 
jk: Br. rTNC'-"' CH, CH, ^  
M.-^CHaBr 
XH, 
^CHB 
€H, 
CHBr 
XE 
In the reactions discussed above attack took place ex-
clue Ively or predominantly at the allyl carbon atom vhich 
gave by hydrogen abs+'raction the moet stable intermediate 
free radical. However, in several brominetione by N-brorao-
succinimide this may not be the case. In the reaction of 
1-methylcyclohexene-l with N-bromosuccinimide Mouseeron et 
al. (18) isolated as the only bromide, l-methyl-6-bromocyclo-
hexene-1. This was identified by its conversion to 1-methyl-
6-dimethylaminocyclohexene-l by reaction with dimethylamine. 
This Isolation of only the 6-broinocompound ie somewhat sur­
prising for the free radical formed by hydrogen abstraction 
at C3 would be more resonance-stabilized than the radical 
resulting from removal of hydrogen at Cg. However, since 
the yield of the bromide isolated was not given, attack at 
the 3-position cannot be excluded. The 3-bromocompound would 
be expected to undergo dehydrohalogenation readily to form 
the diene and hence would escape detection. This elimination 
17 
could occur during the bromlnatlon or could be effected by 
the dimethylamine. 
Using 1-ethylcyclohexene-l Mousseron et al. again ob­
tained the 6-bromocompound plus a small amount of 2-bromo-
ethylldenecyclohexane (XIV). These compounds were again 
identified by conversion to the dimethylaminocompounde. The 
latter compound could have resulted from the mesomeric free 
radical XV, from allylic rearrangement after the formation 
of the l-o<«,-bromoethylcyclohexene-l (XVI), or from an SN2' 
reaction of the dimethylamine with XVI (19, 20), More will 
be said later about the occurrence of allylic rearrangement 
during the Wohl-Ziegler reaction. 
Br 
a CHCH, CHCH, 
aZ XZ 321 
In the bromination of 1,3-dimethylcyclohexene-3 
Moiusseron and Jacquier (21) reported the isolation of only 
the 2-bromocompound. However, the free radical which would 
result from hydrogen abstraction at the S-position would be 
more stable. Similarly, Macbeth, Milligan, and Shannon (22) 
18 
obtained an 80 per cent yield of 5-l3roiBO-;^inenthene-3 In the 
reac+^ion of p-iBenthene-3 (5(VII) with N-bromoeucclniniide in 
chloroform under irradiation with ultraviolet light. This 
identification wae established by conversion of the bromide 
by hydrolyeie and hydrogenation to isomenthol (XVIII). Pre­
dominant attack at the 2-poBition -tfould have been expected. 
CH, 
CH, CH, 
K X H ,  
H 
H' ^QH 
CH, CH, 
•yvnr 
However, in the bromination of 1-chlorocyclohexene-l 
Mouseeron et al. (18) obtained l-chloro-3-bromocyclohexene-l 
which would be expected on the basis of hydrogen abstraction 
to form the most stable free radical intermediate. Again 
no yield was given. And they obtained a 70 per cent yield 
of the 3-bi'omocoiipound and a 30 per cent yield of the 1-
bromocompound in the reaction of 1-cyanocyclohexene-l with 
N-bromoeuccinimide. The second compound is the allylic 
isomer of the first. 
19 
Although In many cases the mechanism of the Wohl-Ziegler 
reaction appears to Involve a reBonance-stabllized Inter­
mediate free radical, more direct evidence for this is de­
sirable. If the possibility of the occurrence of allylic 
rearrangement after the formation of the bromides could be 
definitely excluded, then the isolation of bromides which 
are allylic ieomers would provide direct evidence for a 
meeomeric free radical. However, ample evidence is available 
that allylic bromides undergo rearrangement at a measurable 
rate at room temperature and at even much lower temperatures 
in the presence of certain Impurities. 
Winstein and Young (23) separated, by fractionation at 
-2° to if 2® under reduced pressure, the mixtures of 1-bromo-
butene-2 and 3-bromobutene-l obtained by the action of 
hydrogen bromide on either alcohol. At this temperature the 
rate of rearrangement was negligible and the separated bro­
mides were stored at -15°• It was found that at 100® both 
bromides rearranged into the same equilibrium mixture in 
lees than 5 minutes. At 75° the time for the establishment 
of equilibrium was about 1 hour, and at 20° about 1 day. At 
20® the equilibrium mixture was found by refractive index 
analysis to contain 13 per cent of 3-bromobutene-l and 8? 
per cent of l-bromobutene-2. 
20 
The greater thermodynamic etablllty of the primary' 
isomer le due to the reduction of Ite free energy relative 
to that of the secondary bromide by the hyperconjugatlon of 
the methyl group with the double bond. Kletlakoweky e^ al. 
(24) found that In the cese of simple olefins a hyperconju-
gated methyl group decreases the heat of hydrogenatlon by 
1.5-1 kilocalorlee per mole. If , this value is taken as the 
free energy difference contributed by the hyperconjugated 
methyl group and if other factors are neglected, the equilib­
rium ratio of l-broraobutene-2 to 3-hromobutene-l is calculated 
to be 93 pel* cent: 7 per cent at 20°. In view of the un­
certainty in the energy difference the agreement between 
the calculated and observed values is good. 
Continuing the work on allyllc rearrangements Young, 
Richards, and Azorlosa (25) succeeded in isolating in pure 
form l-bromopentene-2 and 3-bromopentene-l, the corresponding 
hexenyl bromides, and l-bromoheptene-2. The primary compounds 
and small amounts of the secondary were isolated by low 
temperature fractionation of the bromide mixtures which con­
tained 80-90 per cent of the primary bromides. Larger amounts 
of the lower boiling secondary compounds were obtained by 
high temperature fractionation of the mixtures rich in the 
primary form, the secondary Isomer being reformed by rear­
rangement in the boiler ae rapidly as it was removed at the 
21 
top of the column. However, in the case of the hexenyl 
bromide mixture some elimination of hydrogen bromide •'•ook 
place at the higher distillation temperature and the eecondary 
hexenyl bromide wee contaminated with heptadiene. Since no 
pure secondary bromide was available for refractive index 
measurement, the composition of the heptenyl bromide equilib­
rium mixture was estimated by a method which involved the 
refractive indices of the other r)rimary and secondary alkenyl 
bromides. At 100® the following compositione were obtained 
at equilibrium. The reeulte for the butenyl bromides were 
obtained from the work by Wins-'-ein and Young (23). 
Alkenyl bromides Per cent primary bromide 
Since the rates of rearrangement were found to be very 
sensitive to minute traces of impurities, kinetic measure­
ments were not made. By qualitative observations the order 
of decreasing rate of rearrangement a"^ 100° was found to be: 
butenyl, hexenyl, pentenyl, and heptenyl, respectively. 
If a reaction in which a mixture of allylic isomers is 
formed is carried ou*- under conditions which do not permit 
Bu+^enyl 
Pentenyl 
Hexenyl 
Heptenyl 
85.5 
80.1 
85.8 
89.0 (estimated) 
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rearrengeffient of the ieomerB after their formetlon, it le 
found that the proportion of the therinodynamically lesB 
stable isomer is always larger than that found in the equilib­
rium mixture. In the addition of hydrogen bromide to buta-
dient at -78° in vacuo and in the presence of antioxidants, 
Kharasch, Margolie, and Mayo (26) obtained a mixture of 3-
bromobutene-l and l-bromobutene-2 with the secondary bromide, 
which is thermodynaraicall^ less stable, being present in the 
proportion of 80 per cent. At higher temperstures and in 
the nreeence of air laueh larger yields of the more stable 
primary isomer were obtained. Equilibration is facilitated 
by hydrogen bromide or hydrogen bromide together with perox­
ides. 
Kh&rasch, Kritchevsky, and Mayo (2?) found that the 
addition of hydrogen chloride to butadiene yielded a mixture 
coneisting of 75-80 per cent of 3-chlorobutene-l and 20-25 
per cent of l-chlorobutene-2, Allylic chlorides are less 
mobile than the corresponding bromides and the proportions 
of the above allylic Isomers were Independent of the tempera­
ture between -80 and + 25°. Furthermore, It was shown that 
the isolated chlorides did not undergo any appreciable iso-
merization under the conditions of their formation. However, 
treatment with 1 mole of hydrogen chloride for 1 day at room 
temperature caused conversion into an equilibrium mixture 
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containing 70-75 per cent of tte primary chloride. During 
the formation of the chlorides the concentration of hydrogen 
chloride wag much lower than in ti» equilibration and no 
rearrangement occurred. 
In the reaction between Bilrer acetate and 1-chloropen-
tene-2 and 3-chloropentene-l Meieenheimer and Link (28) 
found that each chloride gave nearly the e&ae proportion of 
primary and secondary acetates, which was about 55 per cent 
of the primary and 45 per cent of the secondary acetate. The 
acetates are stable to rearrangement under the conditions of 
reaction, and again it is seen that under conditions of 
kinetic control a large proportion of the thermodynamically 
less stable isomer is obtained. 
Since the Wohl-Zlegler reaction is usually carried out 
in refluxing carbon tetrachloride, at which temperature re­
arrangement of allylic bromides has been shown to take place 
readily, no conclusions concerning the mechanism of the re­
action can be drawn on the basis of any rearranged products 
that are obtained. In fact, in those cases in which the 
proportions of the allylic isomers present were determined, 
it was found that they corresponded to equllibrixim mixtures. 
Karrer and Ringli (29) reported the preparation of the 
unrearranged bromide, 3-broinohexadiene-l,5, by the reaction 
of hexadiene-1,5 with N-bromosucciniinide in boiling carbon 
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tetrachloride In the presence of dlbenzoyl peroxide. Bromlna-
tlon of the monobromocompound by the eame method yielded a 
crystalline dlbromlde which they formulated to be 
dibroHJohexadiene-1,5. again with no rearrangement. However, 
these structures for the monobromlde and the dlbromlde were 
later shown to be incorrect. In a second paper Karrer and 
Ringll (30) correctly reported the structure of the dlbromlde 
as l,6-dibromohexadlene-2,4, the allylic leomer of the dl­
bromlde first formulated. In this second paper doubt was 
also expressed concerning the correctness of the formulation 
of the monobromlde. However, Karrer and Schneider (31) later 
believed that the unrearranged structure for the monobromlde 
was confirmed when the tertiary alcohol resulting from the 
reaction of the monobromlde with acetophenone in the presence 
of magnesium and ether yielded upon ozonizatlon 1.44 moles of 
formaldehyde and no acetaldehyde. The presence of no acet-
aldehyde was significant for Karrer and Schneider believed 
that if any -bromide were present it would be 1-bromohexa-
diene-2,4 formed by both allylic and prototropic rearrange­
ment. This structure determination on the basis of the 
ozonolyeis is not valid, for in the case of 3~hromobutene-l 
and l-bromobutene-2, which are closely similar to the mono­
bromlde which would result from hexadiene-1,5» Roberts and 
Xoung (32) have established conclusively that irrespective 
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of the Isomeric nature of the original hallde, reaction of 
the derived Grlgnard complex with carbonyl compounds yields 
almost pure secondary allyllc derivatives. 
Later, Bateman ej^ al. (33) showed by Infrared analysis 
the presence of the RCB«CHR group as well as the CH2^CHR 
grouping In the monobromlde. The strong band at 965 cm-^ 
characteristic of the presence of the RCifeCHR group was found 
to be absent In hexadlene-1,5. The Intensity of the bands 
at 918 and 990 cm"^ corresponding to the CH2ZCHR was approxi­
mately half that of the same absorption In hexadlene-l,5. 
Analysis of the ultraviolet absorption spectrum confirmed 
the absence of dlene conjugation. Thus It was shown that 
the monobromlde consisted largely of l-bromohexadlene-2,5. 
Then comparison of the absolute extinction coefficients 
of the Infrared absorption frequencies due to the RCRrCHR 
and CH2=GHR groups In the monobromlde, It was estimated 
that 5-15 per cent of the Isomeric 3-t>romohexadlene-l,5 was 
present. 
Bateman and Cunneen (3^) then subjected to Infrared 
analysis octene monobromlde obtained by the Wohl-Zlegler 
bromlnatlon of octene-1 In the presence of dlbensoyl peroxide. 
The presence of the RCHaCHR group was shown by strong absorp­
tion at 965 cm~^ which was absent In octene-1. The bands at 
924 and 990 cm""^ corresponding to the CH2=CHR group were much 
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weaker. Then by quantitative comparison of the molecular 
extinction coefficient at 924 cm"^ of the reaction product 
with that of the parent hydrocarbon it was determined that 
a mixture was present consisting of cie- and trang-l-bromo-
octene-2 and 3-bromooctene-l in the proportions of about 
87:17. This analysis agrees well with the previously deter­
mined proportions of the primary and secondary allylic 
bromides found in equilibrium mixtures. 
In contrast to the equilibrium mixtures of allylic iso­
mers which were obtained In the Wohl Zlegler bromlnation of 
hexadlene-1,5 and octene-1, bromlnation by the same method 
of heptene-2 gave only the unrearranged bromide formed by 
attack at the allylic methylene group. This bromlnation of 
heptene-2 was carried out by Greenwood and Kellert (35) who 
refluxed the reactants in carbon tetrachloride in the pres­
ence of dibenzoyl peroxide for 2 hours in an atmosphere of 
nitrogen. The reaction did not take place in the absence of 
the dibenzoyl peroxide. The monobromide which was obtained 
in 76 per cent yield was shown to be 4-bromoheptene-2 by 
Identification of the acids which resulted from oxidation of 
the bromoozonlde with hydrogen peroxide. The ozonization of 
the 4-bromoheptene-2 was carried out at -^5 to -38®, care 
being taken to avoid an excess of ozone. Under these condi­
tions Young et al. (36) have shown that allylic halldes can 
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be ozonized without rearrangement. Acetic acid WEB obtained 
In 95 per cent .yield as eodium acetate and was identified by 
preparation of the ^-bromophenacyl ester and the 
ester. A 30 per cent yield of c<.-broi!iovalerlc acid was ob­
tained, which was identified by conversion to the p~brorao-
phenacyl ester. 
If rearrangement of the 4-broPioheptene-2 had taken place 
to form an equilibrium mixture, one would expect both allyllc 
isomers to be present in appreciable amounts for there should 
be no great difference between them in thermodynamic stabil­
ity. Both are secondary bromides; the ground state of the 
^~toromoheptene-2 Is stabilized by the contribution of four 
hyperconjugatlve resonance forms involving carbon-hydrogen 
bonds, while the ground state of the ieoraerlc 2-bromoheptene-3 
involves three such forms. Therefore if any of the 2-bromo-
heptene-3 had been formed it probably would not have escaped 
detection. 
This lack of rearrangement can perh&pe be attributed at least 
partly to the reduced mobility of allyllc heptenyl bromides com­
pared to the lower alkenyl bromides as shown by Young, Richards, 
and iizorloea (25). The exclusion of air during the bromlna-
tlon by means of an atmosphere of nitrogen may aleo have been 
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effective In preventing rearrangement, since Kharaech, 
Margolls, and Mayo (26) found that in the addition of hydro­
gen "bromide to butadiene the presence of air favored the 
formation of the equilibrium mixture of ieomeric bromides, 
Since no rearrangement was observed it is doubtful that the 
bromination of heptene-2 with N-broicosucclnimide involves 
an intermediate mesomeric free radical. 
Again in the Wohl-Ziegler bromination of ethyl linoleate 
carried out by Sutton and Dutta (37) no evidence vas found 
for a mesomeric free radical. V/hen the bromination was car­
ried out by refluxing for 4,5 hours in carbon tetrachloride 
in an atmosphere of nitrogen, the product obtained was shown 
by ultraviolet spectroscopic examination to contain 10.2 per 
cent of conjugated triene compounds. No dlene conjugation 
was present. This triene conjugation arose from elimination 
of hydrogen bromide from either of the cos5>ound6 shown below. 
Hydrogen bromide evolution was noticed towards the end of 
the refluxing. 
CH3(CH2)3CHj|HCH«CHCH-CH{CH2)7C00CH2CH3 
Br 
Furthermore, when the bromination was carried out under 
mild conditions at 70-75° in benzene for 25 minutes, the 
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product contained no dlene or triene conjugation. However, 
when the product wae heated for 1 hour at 100° In a stream 
of nitrogen triene conjugation developed to the extent of 
11.4 per cent of the material present. The above bromldee 
resulted then from the allyllc rearrangement of the 8-bromo-
compound first formed. 
Even more compelling evidence that a meeooerlc free radi­
cal may not be Involved in an allyllc bromlnatlon by N-bromo-
eucclnlmlde wae furnished by Kwart (38) who carried out the 
bromlnatlon of 4,4-dlraethylpentene-2 and 4,4-dlffiethylpentene-l 
in refluxlng carbon tetrachloride under Irradiation by ultra­
violet light. From the first olefin only l-brofflo-4,4-dlmethyl-
pentene-2 was obtained and from the second one only 3-bromo-
4,4-dimethylpentene-l. These results could not be obtained 
by a mechanlBm which involves a mesomeric free radical Inter­
mediate. A concerted free radical mechanism may be operating. 
However, in view of the rapid rate of rearrangement of 1-
bromobutene-2 and 3-bromobutene-l which are similar in struc­
ture to the bromides obtained by Kwart, the resistance of 
these bromides to allyllc rearrangement is difficult to 
explain. 
Although not related to the mechanism involved in allyllc 
bromlnatlon, the addition of bromine to certain olefins by 
N-bromosuccinimide is of interest. Carrying out the Wohl-
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Zlegler bromlnatlon of cyclohexene In benzene Howton (8) ob­
tained 3-bromocyclohexene-l in 50 per cent yield along with 
15 per cent of 1,2-dibroinocyclohexane and email quantitiee of 
3,6~dibromoeyclohexene and N-phenyleuccinimide. Braude and 
Walght (39) found that appreciable proportione of 1,2-dibroffio-
cyclohexene are also formed in chloroform and light petroleum 
ether and that the yields of 3-bromocyclohexene-l may be de-
creaeed and those of the saturated dibromide increased by 
the addition of alkylammonium salte, and to a smaller extent, 
of inorganic salts. The same effect was also produced upon 
the addition of triethylamine which experiments showed to 
react rapidly with N-bromosuccinimide to give among other 
products succinimide and triethylamine hydrobromide. 
Ziegler et al. (13) and later Bello (^0) reported the 
preparation of methyl -bromocrotonate in very good yield 
from the reaction of methyl crotonate with N-bromosuccinimide. 
Although Bello reported no reaction between methyl vinylace-
tate and N-bromosuccinimide, Corey (4l) obtained a 68 per 
cent yield of methyl ^  , \^-dibroraobutyrate along with an in­
significant quantiti? of monobrominated product. From the 
corresponding nitriles, crotonitrile and vinylacetonitrile, 
Bello obtained Y -bromocrotonitrile and a mixture of 0 ,X-
dibromobutyronitrile (21 per cent) and Y'-hromocrotonitrile 
(13 per cent), respectively. 
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Theee differencee In the reactlone of methyl crotonate 
and methyl vlnylacetate and the corresponding nltrlles with 
N-bromoBucclnlffllde were attributed by Bello to two causes, 
1. Increased reactivity of the double bond in vinyl-
ace tonitrile as compared with that in crotonltrile. 
On the basis of Corey's work a similar statement 
can be made about methyl vlnylacetate and methyl 
crotonate. 
2. Decreased reactivity of the cK,-hydro gen atoms in 
vinylacetonitrile and methyl vlnylacetate as com­
pared with those in crotonltrile and methyl crotonate 
caused by the Inductive effect of the adjacent cyano-
and carbomethoxygroups, 
Bello found as had Braude and Waight (39) earlier that 
the addition of bromine to double bonds by means of N-bromo-
succinimide was xiromoted by certain inorganic salts. The 
explanation offered by Bello was similar to that proposed 
by Braude and Waight. The effect of the salt was attributed 
to its polarization of the nitrogen-bromine bond of the N-
bromosucclnimide, the carbon-carbon bond of the olefin or 
both. Braude and Waight actually succeeded in isolating 
adductB from the reaction of N-bromoeuccinimide with tetra-
e thylammonlum salts which analyzed for two molecules of 
imide and one molecule of tetraethylammonium salt. 
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This reduced activity of hydrogen atoms adjacent to 
cyano and earbomethoxy groupe le related to the observations 
made in the Wohl-Zlegler bromlnatlon ofo^ , (3-unsaturated 
ketones, i^hen bromlnatlon Is possible at a position alpha 
to the carbonyl group and alpha to the double bond, the 
latter reaction generally occurs. 
Addition of bromine to a double bond by reaction with 
N-bromosucclnlmlde hae aleo been observed with olefins of 
comparatively low thermodynamic stability. In the reaction 
of fflethylenecyclobutane with N-bromosucclnlmlde In benzene 
In the presence of dlbenzoyl peroxide, Buchman and Howton 
(9) obtained methylenecyclobutane dlbromide in 56 per cent 
yield along with l4 per cent of a mixture of allyl bromides 
and 15 per cent of N-phenyleucclnlmlde based on the Imlde. 
Bromlnatlon of cyclobutene under the same conditions 
yielded 67 per cent of 1,2-dlbroraocyclobutane, a small 
quantity of 3-broraocyclobutene and & 12 per cent yield of 
N-phenyleuccinlraide (10). 
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EXPERIMENTAL* 
The Wohl-Zlegler Broraination of 1-Cyclohexene-l-C^^ 
In Refluxlng Carbon Tetrachloride 
14 Preparation of pimellc acid-l-C^ 
The procedure followed was a modification of that used 
by Loftfield (^2). A mixture of 4.60 g. (0.020 mole) of 
pentamethylene dil3iromide, 0,049 g, (0,001 mole, 1 milllcurle) 
of eodiuiB cyanide-C^^ (obtained from Tracerlab, Inc., Boston, 
Mass., on allocation by the U. S. Atomic Energy Commission), 
1,91 g.  (0.039 mole) of inactive sodium cyanide, 34 ml. of 
ethanol, and 9 ml. water was refluxed for 10 hours. Another 
1.13 g. (0,023 ®ole) of inactive sodium cyanide was added 
and the reaction was continued for 12 more hours. The 
l4 pimellc nltrlle-l~C2 was not Isolated; instead 3.0 g. of 
potassium hydroxide in 6.0 ml. of water was added after re­
moval of the ethanol by distillation, and the mixture was 
allowed to reflux 8 hours. After the addition of 80 ml. 
water the mixture was extracted with two 40-ml. portions of 
ether. The aqueous phase was then acidified with hydrochloric 
*A11 melting points and boiling points in this section 
are uncorrected. 
3^ 
acid and continuouely extracted with ether for 12 houre. 
The ether extract was dried over magnesium sulfate and the 
ether was then removed by distillation. The reeidue was 
washed with Skelly B, filtered, and dried to give l.?9 g. 
(53»1 per cent haeed on pentamethylene dibromide) of plmelic 
lif Q 
acid-l-Cg melting at 100-102 . When this preparation was 
carried out as a practice run with Inactive sodium cyanide 
a 68.7 per cent yield of plmelic acid was obtained. 
Ik Preparation of l-cyclohexanone-l-C 
14 The plmelic acld-l-Cg prepared above, together with 
0,80 g, of active plmelic acid prepared by Mr. Joseph 
Phillips, and enough inactive acid to make the total weight 
equal to 3*20 g, (0,020 mole) was mixed intimately with 0.23 
g. (0,002 mole) of manganese (II) carbonate in a small 
distilling flask which was connected to a condenser. The 
flask was gradually heated in a potassium nitrate-sodium 
nitrite bath to 295° and maintained at this temperature for 
2 hours. The distillate was collected in a test tube cooled 
in Ice-water. 
lii 
The 1-cyclohexanone-l-C was purified through the 
sodium bisulfite addition compound, which was prepared by 
adding 1? ml. of a saturated aqueous-ethanollc solution of 
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eodluffi bisulfite to the distillate. The mixture was alleged 
to stand for 30 minutes and was then filtered and waehed with 
ether to give 0.96 g. of the bisulfite addition product. 
Second and third crops of reduced activity were obtained by 
the addition of 1.0-g. portions of Inactive cyclohexanone to 
the filtrates. The total weight of the addition compound 
was ^.81 g. The yield of the first crop was low. When the 
pyrolysis of inactive plmellc acid was carried out under the 
same conditions the first crop of addition compound weighed 
2.60 g. The reason for the low yield with the active material 
is not known. 
l4 The 1-cyclohexanone-l-C was recovered by shaking the 
bisulfite addition compound in a separatory funnel with 12.0 
g. of potassium carbonate in 48 ml. of water until all of the 
solid disappeared. Then 20.0 g. of Inactive cyclohexanone 
was added and the mixture shaken again. The layers were 
separated with the addition of 15 ml. of ether to facilitate 
the separation. The aqueous layer was saturated with potas­
sium carbonate and then extracted twice with 15-ml. portions 
of ether. The ether extracts were dried over magnesium sul­
fate and then distilled to give 15.7 g. of 1-cyclohexanone-
l-C^^ boiling at 48-50° at 15 ®m. 
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Preparation of l-oyclohexanol-'l--C 
The above 1-cyclohexanone-l-C^^ (0.16 mole) In 10 ml, 
of anhydrous ether was added to a stirred mixture of 1.75 g* 
(0,046 raole) of lithium aluminum hydride in 70 ml. of anhy­
drous ether at a rate so ae to maintain gentle reflux. The 
reaction was protected by a calcium chloride tube. After 
addition was complete the mixture was refluxed for 1.5 hours. 
At the end of this time the mixture cooled and first 10 
ml. of water was added slowly with stirring to destroy unused 
lithium aluminum hydride and then 80 ml. of 10 per cent by 
weight sulfuric acid was added to dissolve the solidB. The 
layers were se arated and the aqueous layer was extracted 
three times with 35-ml, portions of ether. The ether ex­
tracts were dried over magnesium sulfate and then distilled 
to give 13.1 g. (81.9 per cent) of 1-cyclohexanol-l-C^^ 
boiling at 66-67^ at 15 
lij. 
Preparation of ethyl cyclohexyl-l-C -1-carbonate 
This compound was prepared essentially in accordance 
with the procedure of Fischer and Feldmann (^3) used to pre­
pare methyl allyl carbonate. To a mixture of the above 
1-cyclohexanol-l-C^^ (0.I3 mole) and 13.7 g. (1^.0 ml., 
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0,17 mole) of pyridine, 15.2 g. (0.14 mole) of ethyl chloro-
carbonate wae added with stirring over a period of 45 minutes. 
During thie time the temperature was maintained between -5 
and 0°, After the addition was complete the temperature was 
allowed to rise slowly and the mixture was stirred at room 
temperature for 9 hours. The ealte were then diseolved by 
the addition of 10 ml. of water and the mixture was extracted 
three times with 30-ffll* portions of ether. The ether extracts 
were washed first with three 40-ml, portions of 3 li sulfuric 
and then three times with 40-ml. portions of water. After 
drying over magnesium sulfate the ether extracts were dis­
tilled to give 19.4 g. (86.6 per cent) of ethyl cyclohexyl-
l-C^^-l-carbonate boiling at 94° at 12 mm, 
llj. 
Preparation of l-cyclohexene»l-C 
The above carbonate (0,11 mole) was dropped at the rate 
of 2 to 3 drops per minute through a tube packed with 3/32 
in, glass helices and heated to 450° in a Fischer Micro Com­
bustion Furnace, A very slow stream of nitrogen was passed 
through the tube during the pyrolysis. The mixture of 1-
l4 
cyclohexene-l-C , ethanol, and any unreacted ethyl cyclo-
hexyl-l-C^^-l-carbonate was collected in a flask which was 
immersed in a dry ice-acetone bath. At the end of the 
38 
pyrolyels the tube wae rinsed out with 2.0 g. of Inactive 
cyclohexene, and the temperature of the receiver was allowed 
to rise elowly to room temperature BO that the dissolved 
carbon dioxide would escape slowly. The mixture was shaken 
in a separatory funnel with two 9-ml. portions of a saturated 
calcium chloride solution to remove the ethanol. The mixture 
was then dried over calcium chloride and prior to distillation 
wfiE separated from the drying agent by filtration under nitro­
gen pressure in an inert-atmosphere filtration apparatus with 
the receiver immersed in a dry ice-acetone bath. The calcium 
chloride on the filter plate was washed with 2.0 g, of in­
active cyclohexene. This method of filtration was used in 
order to avoid loss of the 1-cyclohexene-l-C by volatiliza­
tion and by absorption by filter paper or glass wool. Dis­
tillation gave 6.80 g. of 1-cyclohexene-l-C^^ boiling at 82® 
and 3*3 g. of unreacted carbonate boiling at 93-95® at 12 mm. 
lit 
Reaction of 1-cyclohexene-l-C with N-bromosuccinimide 
14 
A mixture of the above 1-cyclohexene-l-C together with 
0.20 g. of inactive cyclohexene (total of 0.0852 mole), 15.16 
g. (0.0852 mole) of N-bromosucclnlmide of 98.6 per cent 
purity, and 65 ml. of Reagent Grade carbon tetrachloride was 
refluxed with stirring for 45 minutes. The reaction was 
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protected by a calcium chloride tube. At the end of this 
time all the solid was found to be floating at the siirface 
of the reectlon mixture (the heavy N-bromoBUCclnlmlde had 
been replaced by the light succlnlmlde). The completion of 
the reaction was confirmed when no iodine was liberated upon 
addition of a few drops of the mixture to an acidified potas­
sium iodide solution. The insoluble succinimlde was filtered 
off under nitrogen pressure in an inert-atmosphere filtration 
apparatus. The succlnlmlde was washed on the filter plate 
with several portions of cold carbon tetrachloride and the 
washings were added to the first filtrate. Most of the car­
bon tetrachloride was distilled at atmospheric pressure 
through a Vlgreux column. A small amount which remained 
after this distillation was removed under reduced pressure. 
At 12 mm. 6.3^ g» (^6.3 per cent) of 3-bromocyclohexene-l-
C^^-x distilled at 59-60®. 
Lithium aluminum hydride reduction of 3-bromocyclohexene-l-
C^^-x to cyclohexene-x-G^^ 
The above 3-broffiocyclohexene-l (0.039 mole) in 15 ml. 
of dry ether was added at a rate so as to maintain gentle 
reflux to a stirred mixture of 0.44 g. (0.012 mole) of lithium 
aluminum hydride in 16 ml, of dry ether. After all was added 
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the mixture wae refluxed slowly for about 10 minutes without 
application of heat. It was then heated and allowed to re­
flux with stirring for 1 hour. At the end of this time the 
mixture was cooled in ice and 5 rol. of cold water was added 
slowly followed by 10 ml. of 10 per cent by weight sulfuric 
acid. The ether layer was separated and the aqueous layer 
was extracted with two 8-ml. portions of ether. After drying 
over calcium sulfate the ether solution wae filtered under 
nitrogen pressure in an inert-atmosphere filtration apparatus 
with the receiver immersed in a dry ice-acetone bath. The 
ether was removed by fractional distillation through a 1 cm. 
x 37 cm. column packed with 3/32 in. glass helices. After 
removal of the ether the helices-packed column was replaced 
by a short Vigreux column and 2.^0 g. (75.0 per cent) of 
cyclohexene-x-C^^ distilled at 81-82°. 
Ozonolysis of cyclohexene-x- i!L and oxidation of the ozonide 
14 to adipic acid-x-C 
The procedure followed was essentially that of Henne 
and Hill (^4) for the ozonization of cyclohexene and other 
olefins. 
A mixture of 1.4 g. (0.017 mole) of the above cyclo-
l4 hexene-x-G and 28 ml. of pure dry ethyl acetate was cooled 
to about -78° In a dry ice-acetone bath and treated with 
ozone from a Welsbach T-23 Ozonator until iodine was abun­
dantly liberated from the potasBium iodide solution which 
was contained in a wash bottle connected to the outlet tube 
of the ozonization flask through a calcium chloride tube. 
To confirm the completion of the ozonization a few drops of 
the mixture were treated with a solution of bromine in carbon 
tetrachloride; the bromine color was not removed. The 
Ozonator was operated at 70 volte with an oxygen pressure 
of 8 P.S.I, and the rotameter float at 0,08 C.F.M, 
The ethyl acetate was replaced by acetic acid by adding 
four 8-ml. portions of acetic acid and partially evaporating 
the mixture after each addition. Evaporation was carried out 
under reduced pressure with a stream of dry air, A suspen­
sion was obtained which was added over a period of 45 minutes 
to a mixture of 8,34 g, of 30 per cent hydrogen peroxide, 
0,36 ml, of concentrated sulfuric acid, and 15 ml, of water 
heated in a water bath. During the addition the ten^erature 
of the bath was not allowed to rise over 60®, After addition 
was complete the bath temperature was raised slowly to 90°, 
The water bath was then replaced by a heating mantle and the 
mixture was refluxed for 2 hours. The solvent was removed 
by distillation under reduced pressure and the crude product 
was crystallized twice from small volumes of concentrated 
nitric acid to give 0,92 g, (37 per cent) of adlpic acid-
melting at 151.7-152.5°. 
Preparation of 1.4~diaminobutane-(?) 1-0^^ dihydrochloride 
(putreecin--?-G^^ aihydrochloride) by the reaction of adlpic 
l4 
acld~x-C with a benzene eolutlon of hydrazoic acid (the 
Schmidt reaction) 
The hydrazoic acid solution was prepared according to 
the directions of Wolff (45). The titer was found by titra­
tion with a standard sodium hydroxide eolutlon to be 0,00167 
molee hydrazoic acid per ml, of benzene solution. The prepa­
ration of the l,4-dlainlnobutane-{ ?) 1-C^^ dihydrochloride 
was carried out according to the procedure of Loftfleld (42), 
To a solution of 0.251 g. (0,00171 mole) of the above 
1 h 
adlpic acld-x-C In 0,6 ml, of concentrated sulfuric acid 
was added 0.0060 mole of hydrazoic acid in 3.6 ml, of benzene 
eolutlon. The flask containing this mixture was quickly 
attached to the gas absorption apparatus. This aprsaratus 
consisted of a sweep-tube and three gas absorption tubes each 
containing 8 ml. of 0.59 N carbonate-free sodium hydroxide. 
The eweep-tube was connected to a nitrogen line through a 
tube containing Ascarite. The sweep-tube was, of course, 
closed by a clamp during the reaction. The outlet of the 
^3 
last gae ab'Borption tube was protected by a tube containing 
Ascarite. The initial evolution of carbon dioxide was 
vigorous. After 16 hours at room temperature the system was 
swept for 10 minutes with nitrogen. The benzene was then 
removed in a stream of nitrogen, 30 ml. of water was added, 
and the solution was digested on a steam bath with 7»0 g, of 
barium carbonate. When the liquid no longer contained sul­
fate it was filtered, acidified with hydrochloric acid, and 
the water removed by distillation under reduced preseure. 
The residue was washed with cold absolute ethanol, and after 
two recrystallizatione from an ethenol-water mixture con­
taining 85 per cent by volume of ethanol 42,8 mg. of 1,4-
diaminobutane-(?) 1-C^^ dihydrochloride wae obtained. The 
dibenzoyl derivative melted at 174-175°-
The sodium hydroxide-sodium carbonate solutions in the 
gas absorption tubes were combined in a flask; each tube was 
rinsed with 2 ml, of freshly boiled distilled water. Por­
tions of this solution were used for the precipitation of 
barium carbonate to determine the amount of radioactivity 
which remained in the double bond after the Wohl-Ziegler 
reaction. 
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14 The Wohl-Ziegler Bromlnatlon of 1-Gyclohexene-l-G In 
Benzene at 45° C in the Presence of 2,2'~Azo-Ble-2-
Cyclopropylproplonltrile 
l4 Preparation of pimelic acid-l-C? 
The procedure followed wae the same as that ueed before. 
The sodium cyanide-C^^ was obtained from Research Specialties 
Co., Berkeley, Calif,, on allocation by the U. S. Atomic 
Energy Gommiesion. The yield of the active pimelic acid, 
which melted at 98.0-101,5° 1,92 g. (60,0 per cent) baced 
on pentamethylene dibromide. 
l4 Preparation of l~Cyclohexanone~l-C 
This compound was prepared according to the procedure 
of Loftfield (42), The above pimelic acid together with 
1.28 g, of inactive material (total of 0,02 mole) was dis­
solved in 60 ml, of water and the solution was made slightly 
alkaline to phenolphthalein with sodium hydroxide. After 
the addition of 5*0 g. (0.045 tnole) of calcium chloride in 
20 ml. of water, the suspension was concentrated to a volume 
of 30 ml. on the steam bath and filtered hot with suction, 
14 The calcium pimelate-l-Cg was dried vacuo over 
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phosphorous pentoxlde until no decrease weight >^ae observed. 
The final weight wae 5*60 g,, while theory requires 3«96 g. 
for the anhydrous ealt. The presence of sodium chloride or 
the Incomplete removal of water could account for the high 
weight of the salt. The ealt wae packed Into a Pyrex tube 
of about 10-nun. diameter with a 6-mm. delivery tube. The 
tube was heated to 500° over a period of four hours in a Fleher 
Micro Coabuetlon Furnace, and the distillate was collected in 
a teet tube cooled in ice-water. Some water distilled over 
soon after the heating was started. A solution of ^ .0 g. of 
sodium bisulfite in 6 ml. of water was added to the distil­
late, the mixture cooled in ice overnight, then filtered and 
washed with ether. The resultant l-cyclohexanone-l-C"^ 
Bodiuffi bisulfite addition compound weighed 2.21 g. Second 
and third crops of reduced radioactivity were obtained by 
the addition of 1.0-g. portions of inactive cyclohexanone 
to the filtrates. The total weight of the addition compound 
wae 4.81 g. 
The recovery of the 1-cyclohexanone-l-C from the addi­
tion product was carried out as before by reaction with 
potasBlum carbonate. Again the active material was diluted 
with 20.0 g. of inactive cyclohexanone. At 15 om. 18.2 g. 
l4  o  
of 1-cyclohexanone-l-C was obtained boiling at 49-50 . 
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l4 Preparation of l-cyclohexanol--l-'C 
As carried out previously the above 1-cyclohexanone-
l4 1-C was reduced with lithium aluHiinum hydride to ^Ive 15.0 
l4 g. (86.5 per cent) of 1-cyclohexanol-l-C dietilllng at 
66-67° St 15 mm. 
Preparation of ethyl cyclohex.vl-l-'C -l-carT&onate 
14 The reaction of the ahove l-cyclohexanol-l-C"^ with 
ethyl chlorooarTaonate in the presence of pyridine under the 
same conditions as were used previously gave 22,6 g. (88,0 
per cent) of ethyl cyclohexyl-l-C^^-l-c&rbonate boiling at 
94-95® at 15 ®m. 
Preparation of l~cyclohexene-l~C^^ 
The pyrolyeie of the above carbonate and the ieolatlon 
l4 
of the 1-cyclohexene-l-C were carried out in the same 
manner ae before. However, no inactive cyclohexene wae 
added to the active material. The yield of cyclohexene was 
8,8 g, boiling at 81-82°, 
^7 
Reactions of cyclohexene vlth N-bromoeucclnlmlde In benzene 
All of the following brominatlone Including that with 
the active cyclohexene were carried out with stirring In an 
atmosphere of dry, oxygen-free nitrogen. Dry, thlophene-free 
benzene was used. The cyclohexene was distilled over sodium 
shortly before use to remove peroxides. The N-bromoeucclnl-
mlde which had been dried i£ vacuo over sulfuric acid was 
shown by lodometric analysis to be of 98.5 per cent purity. 
To follow the course of the broffiinations small quantities of 
the reaction mixture were removed at regular intervals with 
a pipette, filtered, and the solid analyzed iodometrlcally 
for N~bromosucclnlmide. 
In the presence of 2.2'-azo-ble-isobutyronltrile. At 
55° in the presence of 0.70 g. (0.0042 mole) of 2,2'-azo-bls-
leobutyronltrlle ('^estvllle Laboratories, Monroe, Conn.), 
7.0 g. (0.085 mole) of cyclohexene and 15.2 g. (0.085 mole) 
of N-bromosuccinimlde in 60 ml, of benzene reacted completely 
in 40 minutes. With the same amounts of reagents and cata­
lyst about 3 hours were required for complete reaction at 
45°» In the absence of the catalyst only a negligible amount 
of reaction occurred after 75 minutes at 55°« 
In the presence of 2.2'-azo-bie-2-cyclopropylpropioni-
trile. Since it was deeired to carry out the brominatlon at 
a temperature of 45° or lower and in a shorter time, the 2,2'-
azo-bie-isobutyronitrile wae replaced by the above catalyst 
w Ich decompoees Into free radicals more readily (46, 47). 
The 2,2'-azo-bi8-2-cyolopropylproplonitrile wae prepared 
by Mr. Richard Schlott according to the procedure of Over-
berger, 0'Schaughneeey and Shalit (46) and of Thiele and 
Hauser (48). Recrystallization of a part of this material 
by Bolution in a minimum quantity of ether and then addition 
of Skelly A until cloudiness appeared gave material melting 
at 55-59° si. dec. Another part of Schlott'b preparation 
wae recryetalllEed in the same way to give a first crop of 
1 o 
crystals melting at 70-74 dec.; a second crop obtained by 
concentration of the filtrate melted at 7^-78° dec. 
According to Overberger and Berenbaum (47) the 2,2'-
azo-biB-2-cyclopropylpropionitrile exists in two stereoieo-
meric forms (probably the meso- and dl-forme of the trans-
azo configuration). They obtained a melting point of 76-77° 
dec. for one form and of 64-65.5° dec. for the other. 
Pinkney (49) reported a melting point of 50-55° for this 
azo compound. However, Overberger and Berenbaum believe 
that Pinkney'b preparation is a mixture of ieomere and con-
elder the analysis of his material questionable. 
About 40 minutes at 45° were required for complete re­
action between 7*0 g. (0.085 mole) of cyclohexene and 15.2 g. 
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(0.085 mole) of N-bromosucclnlmlde in 60 ml, of benzene in 
the presence of 0,90 g, (0,0043 mole) of the 55-'59°-'!nelting 
fflaterial. At 35° the rate of reaction was very slow. 
With 0,46 or 0,90 g, of the 2,E'-azo-bie-a-cyclopropyl-
proplonitrile which melted at 70-74® and the same quantities 
of reactants as were used above, about 40 minutee ae 45° 
were again required for complete reaction. 
However, with 0,46 or 0,90 g, of the 74-7S^-melting 
material and again the same quantities of reactants, reaction 
wae complete in about 45 minutes at 35°« The 3-bromocyclo-
hexene-1 was isolated by low-temperature distillation about 
which more will be said later. The refractive index (n^ ) 
wae found to be 1.5288 after fractionation at 12 mm, (b,p, 
59-60®) to remove a small amount of benzene which remained 
after the low-temperature distillation, 
14 Reaction of l-cyclohexene-l-G with N-bromoeuccinimide in 
benzene at 45° 
Unfortunately all of the 74-78°-inelting 2,2'-azo-bls-2-
cyclopropylpropionitrile which wae able to initiate the 
bromination at 35® had been used up in two practice reactions 
with inactive material; therefore, this reaction was carried 
out at 45° in the presence of 0,46 g. (0,00213 mole) of the 
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70-74®-meltlng material. As in previous brominatione with 
this material kO minutes were required for complete reaction 
1 Ll 
of 8.76 g. (0.107 mole) of 1-cyclohexene-l-C with 19.26 g. 
{0,107 mole) of N-bromofiuccinimide in 60 ml. of benzene. At 
the end of this time the mixture was immediately cooled to 
0® and the insoluble succinimide was filtered off under 
nitrogen pressure in an inert-atmosphere filtration appara­
tus, The distilling flask which served as the receiver waa 
immersed in a dry ice-acetone bath at -20®. 
This distilling flask and the receiver used for the col-
lection of the 3-t)3t*omocyclohexene-l-C -x had been cleaned 
according to the directions of England (50) to remove traces 
of impurities which may catalyze the rearrangement of allylic 
bromides. This treatment of the glassware involved cleaning 
with hot chromic acid solution followed by dilute ammonia 
solution and water. After being dried the distilling flask 
and receiver were heated to redness, flushed with steam, 
dried again, and cooled in dry nitrogen. 
The benzene was removed at -20° and at a pressure of 
2 mm. with a 1 cm, x 37 cm, column packed with 1/16 in, glass 
helices, Alcohol maintained at sbout -18° was circulated 
through the jacket surrounding the column. About 9 hours 
were required for the removal of the benzene. The helices-
packed column was then replaced by a short Vigreux column 
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to which •was attached ae a total-condeneatlon head a dry loe 
condenser. The receiver was kept at -78®. The dlBtllllng 
flaek was at -18° and alcohol at about the same temperature 
was circulated through the Jacket surromding the column. 
At a pressure of 0.00? mm. the evaporative dietillation of 
14 5.6 g, (33 per cent) of 3-broniocyclohexene-l-C -x required 
about 23 hours. The 3-bromocyclohexene-l-C^^-x was kept at 
-78® under nitrogen until its reduction, which was carried 
out about hours after the beginning of the bromination. 
Lithium aluminum hydride reduction of 3-broniocyolohexene-l-
lif Ik C -X to cyclohexene-x-C 
This reduction was carried out according to the procedure 
used previously. The addition funnel from which the ether 
solution of the 3-hromocyclohexene-l-C -x was added was sur­
rounded by a Jacket through which alcohol at -5® circu­
lated. The addition funnel had been cleaned in the same way 
as the dletilllng flask and receiver used in the distillation 
14 
of the 3-bromocyclohexene-l-C -x. The addition took place 
over a period of 8 minutes. The yield of cyclohexene was 
1.1 g. (40 per cent). 
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1 Jli Ozonolyele of cyclohexene-x-C-^ and oxidation of the ozonlde 
to adlplc aold-x-C^^ 
The procedure was the same as that used before. 
1 ilir Degradation of the adlplc acld-x-C'^ 
The preparation of the l,4-.dlamlnobutane-(?)1-C^^ dl-
hydrochlorlde and the collection of the carbon dloxlde-C^^ 
were carried out In the eame way as before. 
Counting Method 
Preparation of samples for counting 
Combustion procedure. The samples were oxidized by a 
wet combustion procedure employing the Van Slyke-Folch oxida­
tion mixture (51). The apparatus used was designed by Thorn 
and Shu (52). Oxidation of the sample and absorption of the 
resultant carbon dioxide were carried out under reduced pres­
sure. The carbon dioxide was transferred from the oxidation 
flask by diffusion and absorbed in a 0.23 N carbonate-free 
sodium hydroxide solution which was stirred by means of a 
magnetic stirrer. 
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Precipitation and filtration of barium carbonate. The 
sodium hydroxide solution was transferred to a 15-ml. centri­
fuge tube and the barium carbonate was precipitated by the 
addition of a saturated solution of barium chloride. The 
centrifuge tube was stoppered, the contents mixed by Inver­
sion, and allowed to stand for 15 minutes. In the same way 
barium carbonate was precipitated from the carbon dioxide 
absorbed In carbonate-free sodium hydroxide during the Schmidt 
reaction. The volume of the sodium hydroxide solution which 
was transferred to the centrifuge tube was calculated to give 
a precipitate of desired thickness. 
After standing 15 minutes the mixture wae centrifuged 
and the supernatant liquid was discarded. The precipitate 
was then washed with 4-ml. portions of freshly boiled die-
tilled water until free from sodium hydroxide. The washings 
were separated by centrlfugation and discarded. The pre­
cipitate was mixed with about 10 ml, of alcohol and the slurry 
was added to a weighed piece of filter paper on the filtra­
tion apparatus, which consisted of a fritted glass filter 
disk and a sleeve held down by rubber bands. The filter 
paper had been moistened with alcohol and dried in an oven 
at 70° for 12 minutes before it was weighed. Filtration was 
carried out by applying very gentle suction. The precipitates 
were dried at 70® for 12 minutes before weighing. The inner 
5^ 
diameter of the sleeve was measured to calculate the area 
of the preclpitatee. 
Counting of samples 
The counting was done with a Model TGC-2/1B84 end window 
Geiger Mueller tube manufactured by Tracerlab, Inc. of 
Boston, Maes. The thickness of the mica window was given 
as 1,9 Big,/cm.A model 165 scaling unit manufactured by 
Nuclear Instruments Chemical Corporation, Chicago, 111,, was 
used in conjunction with the Geiger Mueller tube. The 
counting was done in a lead housing in order to reduce the 
background count. This counter housing contained four 
shelves at different distances from the &eiger tube, All 
samples were counted on the shelf nearest to the tube. The 
samples on the filter paper were mounted on an aluminum card 
by means of scotch tape. The samples were not covered. To 
insure the same counting geometry all samples were placed in 
the same position on the card which was inserted into the 
hotis ing. 
Calculation of molecular specific activities 
Each sample was counted five times and the average value 
was calculated. The samples from the bromination in refluxing 
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carbon tetracMorlde were counted for periods of 3, 5. or 10 
mlnutee (for a particular sample the counting intervals were 
all the same), and the relative standard deviation of the 
average counting rate was calculated to be about 2 per cent. 
The samples from the reaction in benzene were of lower 
activity and the counting periods were 1 or 2 hours; the 
relative standard deviation was about 1 per cent. The 
counting rates were converted to coiantB/minute and corrected 
for the background count. The specific activity (counts/ 
mlnute/ffig,) was then obtained by dividing the counts/minute 
(corrected) by the weight of the sample. 
However, to obtain the true specific activity a correc­
tion must be applied for the absorption of the low-energy 
beta particles by the samples themselves. Assuming exponen­
tial absorption of the beta particles by the sample material, 
Libby (53) end also Henrlquee ^  al. (5^) derived the self-
absorptlon equation 
_  .  — o c d  C _ I - e 
Co ocd 
where C is the observed specific activity, is the specific 
activity which would be observed if there were no self-
absorption (specific activity at zero thickness), cA. is the 
absorption coefficient of the beta particles, and d is the 
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thlcknese of the sample in mg./cm.^. For the beta particles 
I t ,  , 2  from C the value of os is 0,29 cm. /mg. The curve shown 
in Figure 1 was calculated from this self-absorption equation. 
A good fit with this curve of experimentally determined 
points was obtained by Solomon, Gould, and Anflnsen (55). 
Specific activities at zero thickness were obtained by 
dividing the observed specific activity by the ordinate in 
Figure 1 which corresponded to the thickness of the sample. 
Multiplication of this specific activity by the number of 
carbon atoms from which the carbon dioxide was derived gave 
the molecular specific activity at zero thickness. 
The results of the radloanalyses are shown in Tables 1 
and 2. 
In Figures 2 and 3 the distribution of the radioactivity 
is calculated from the molecular specific activities. 
Reactions Carried Out in Connection with the Proposed Synthesis 
of 3-Bromocyclohexene-l-C^^-3 
Preparation of oyclohexene-2-one-l semicarbagone by the 
reaction of 2-chlorocyolohexanone with semicarbazide 
The reaction was carried out according to the procedure 
of McGuckin and Kendall (56) for the preparation of cortisone 
Figure 1. Self-ebeorption correction curve 
FRACTION OF MAXIMUM SPECIFIC ACTIVITY 
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Table 1. Reaction of 1-cyclohexene-l-C^^ with N-bromoBuccinimide in refluxing 
carbon tetrachloride 
Source of the 
carbon dioxide 
Weight 
of, 
BaCl^Oo 
fflg. 
Counts/ 
minute 
cor. 
Specific 
activity 
cts./ 
min./mg. 
Thiclc-
nese®^ 
ffig./cffi.^ 
Fraction 
of 
fflaximum 
specific 
activity" 
Specific 
activity 
at zero 1.^  
activity 
Molecular 
specific 
activity 
1-Cyplohexanol-
1-ci^ 
35.1 674 19.2 5.58 0.495 38.8 233 
Ethyl cyclp-
hexyl-l-Cl^-1-
carbonate 
80.4 537 6.68 12.78 0.263 25.4 229 
Adij^c acid- 70.2 404 5.75 11.16 0,297 19.4 116 
Schmidt 
reaction with 
adijj|c acid-
64.2 891 13.9 10.21 0.320 43.4 86.8 
\ 
1,4 Diamino-
butane-(?)l-Cl^ 
dihydrochloride 
83.6 170 2.03 13.29 0.25^ 8.01 32.0 
®^The area of the precipitates vas 6.29 cm.^. 
^Frora Figure 1. 
Table 2. Reaction of 1-cyclohexene-l-G^^ with N-broiaoBucclnimide in benzene at 
in the presence of 2,2'-azo-.bis-2-cyclopropylpropionitrile 
Source of the 
carbon dioxide 
Weight 
of, 
B&cl^Oo 
®g. 
Counts/ 
minute 
cor. 
Specific 
activity 
cts./ 
ffiln./mg. 
Thick-
nees®^ _ 
mg./cm.'^ 
Fraction 
of 
maximus) 
specific 
activity® 
Specific 
activity 
at zero 
thicKnese 
Molecular 
specific 
activity 
Ethyl cyclp-
hexyl-l-C^^-1-
carbonate 
87.5 30.1 0.344 13.91 0.243 1.42 12.8 
Adiplc acid- 72.7 44.0 O.6O5 11.56 0.288 2.10 12.6 
Schmidt 
reaction with 
adiplc aeid-
51.8 95.1 1.84 8.23 0.378 4.86 9.72 
1,4-Diaffilno-
butane-( 
dihydrochloride 
58.9 16.6 0.282 9.36 0.343 0.822 3.29 
®The area, of the precipitates vae 6.29 cm.^, 
^From Figure 1. 
Figure 2. Reaction of 1-cyclohexene-l-C^^ with N-bromoeuccinimide in 
refluxing carlaon tetrachloride 
There is no relationship between the activities pf the 1-
cyclohexanol-l-C and the ethyl cyclohexyl-l-C-'- -l-carbonate 
and the compounds which follow, for the l-cyclohexene-l-C^ ^ 
wae diluted with inactive material. 
-Br 
NaC'^N 
-C'N 
-Br 
OH" 
J4 N 
C'^OOH 
-C'^OOH 
MnCOs 
LiAlH. CiCOOCaH. (^-"^^OCOOCaH# 
233 cts/min/m^ = |00 % 98.3 7o 
Br 
NBS LiAlH. 1) Os 
2) H.O. 
Oi 
K> 
CCOOH COOH HN. H>S04 
116 cts/min/mg = I00 % 
l^H. 
276 % 
+ COi 
74.8 % 
14 Figure 3» Reaction of 1-cy do be xene-l-C with N-bromosucclnimide in 
benzene at ^5° in the presence of 2,2•-azo-bie-2-cyclopropyl-
p^opionit^lle 
^/"^^OCOOCzH. 
12.8 cts/min /wg 
= 100 % 
1) 
2) NBS 
3) LAlH# 
4) 03 
5) HaO. 
HN: 
HaS04 X^^Ha 
25.7 7o 
"^'"^ COOH 
\^^00H 
98.4 % 
COa 
75.9 7o 
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acetate 3-8emlcart)a2one from ^-bromo-^,5 ^ -dihydrocortlsone 
acetate. 
The semlcarbazide used in the reaction was prepared by 
neutralization of semicarbazide hydrochloride with an equiva­
lent amount of sodium bicarbonate in a minimum volume of water. 
The water was removed by dietillation under reduced pressure. 
The residue wae extracted with hot methanol and was recryetal-
lized from the cold solution. This semicarbazide base con­
tained a small amount of the semicarbazide hydrochloride 
without which no reaction occurred as was shown by several 
unsuccessfxil attempts to carry out the dehydrohalogenation 
with commercially prepared semicarbazide (Fairmount Chem. 
Co., Inc., Newark, N. J.) which was completely free from the 
hydrochloride. 
A mixture of 33*1 g. (0.2^9 mole) of 2-chlorocyclohexa-
none and 37.4 g. (0.498 mole) of semicarbazide in 235 ml. of 
purified dioxane was allowed to react with stirring for 1.5 
hours in an atmosphere of nitrogen. A small amount of solid 
was filtered off and the dioxane was removed by distillation 
under reduced pressure. Upon the addition of 100 ml. of 
methanol to the viscous, glasslike residue, a white solid 
separated which was filtered off and recrystallized from 
methanol to give 4.31 g. (10.6 per cent) of cyclohexene-2-
one-1 semicarbazone melting at 159-161°- The low yield is 
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probably at least partly due to the solution of some of the 
eemlcarb&zone In the methanol. Its eolubllity would be en­
hanced by the acidity of the solution due to dlgeolved semi-
carbazlde hydrochloride. 
Hydrolysis of cyclohexene--2-one~l with acetic acid in the 
presence of pyruvic acid 
This was carried out according to the directions of 
Mc&uckin and Kendall (56) for the hydrolysis of cortisone 
acetate 3~seniicarbazone; however the method of isolation of 
the cyclohexene-2~one-l was different. A mixture of 3*3^ g* 
(0.0218 mole) of cyclohexene-2-one-.l semicarbazone, 0.0440 
moles of pyruvic acid, added as 26.5 of a 1,66 N aqueous 
solution, 98 ml, of glacial acetic acid, and 75 ml* of water 
was stirred at room temperature in an atmosphere of nitrogen 
for about 19 hours. After the addition of 300 ml, of water 
to the mixture, enough solid potassium bicarbonate to 
neutralize all the acid present was added in small portions. 
To ensure the complete removal of the acetic acid the mixture 
was stirred for 1.5 days. Then it was continuously extracted 
with ether for 30 hours. After drying over magnesium sulfate 
the extracts were distilled to give 1,6? g. (77*3 per cent) 
of cyclohexene-2-one-l boiling at 78° at 20 mm. 
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Preparation of cyclohexene-2~ol-l 
For the preparation of 3-broraocyclohexene-l-C -3 It 
l4 had been planned to obtain the cyclohexene-2-ol-l-C -1 by 
lithium aluminum hydride reduction of cyclohexene-2-one-l-
C^^-1. However, for the preparation of larger quantities of 
cyclohexene~2-ol-l to be ueed in determining the proper con­
ditions for the preparation of cyclohexene-2-£-tolueneeul-
fonate-1 the following procedure was more convenient. 
A mixture of 156 g. (0.95 mole) of 3-broffiocyclohexene-l, 
60 g, of Eodium carbonate (0,56 mole), and 375 ml. of water 
was stirred at room temperature for 1 day. The mixture was 
then continuously extracted with ether for 30 hours. After 
drying over magnesium sulfate, the ether extracts were dis­
tilled to give 71 g, (76 per cent) of cyolohexene-2-ol-l at 
70® under a pressure of 17 mm. 
Attempted pretaaration of oyclohexene-2-p-toluene6ulfonate-l 
This synthesis was attempted by two different methods. 
Sodium hydride method. This method was used succeesfully 
by Hammond and Kochi (57) for the preparation of benzyl 
toluenesulfonates. 
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The 8odium ealt of cyolohexene-2-ol-l wae prepared by 
reaction between equimolar quantities of the alcohol and 
eodiuffi hydride In anhydrous ether with stirring under an at­
mosphere of nitrogen. In some rune the mixture was refluxed 
for 12 hours and in others refluxed for only 10 minutes and 
then allowed to stir at room teaperature for 1 day. There 
was some evidence for the formation of carbonyl compounds 
when the long reflux period was used. The sodium salt was 
formed slowly and incompletely for some sodium hydride was 
recovered. To this mixture an equivalent amount of 
toluenesulfonyl chloride was added slowly with stirring. In 
different runs this addition was carried out at temperatures 
ranging from -35 to 15°« In each case the temperature of 
the mixture was allowed to rise slowly to room temperature. 
The mixture was allowed to stir for periods of time varying 
from 2 hours to 2 days. After filtration under nitrogen 
pressure the ether solution was cooled to about -20® to re­
cover unreacted jg-toluenesulfonyl chloride. The recovery 
varied from 4o to 60 per cent deriending upon the time of 
reaction. Upon removal of the ether with a stream of nitro­
gen a black residue remained which could not be distilled at 
pressures as low as 0.005 mm. No evidence was obtained for 
the formation of any cyclohexene-2-£-toluene8ulfonate-l. 
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Collldlne method. To a solution of 5.^ g. (0.055 mole) 
of cyclohexene-2-ol-l in 13*3 (1^.5 ml., 0,11 mole) of 
collidine, 9.5 g. (0.050 mole) of 2,-toluenesulfonyl chloride 
in 25 ml. of purified dioxane was added with stirrins- over a 
period of 45 minutes while the temperature was maintained 
between 5 and ID*', The mixture was then allowed to remain 
at room temperature until the addition of a small amount of 
the mixture to cold 5 N sulfuric acid caused only a very 
small amount of unreacted ^ -toluenesulfonyl chloride to ap­
pear. This required about ^0 hours. Upon filtration in the 
open air the surface of the unreacted ^ -toluenesulfonyl 
chloride became colored (first green and then blue). This 
coloration provides evidence for the presence of cyclohexene-
2-£-tolueneeulfonate-l which would be an oil or very low-
melting solid, for the ^ -tolueneeulfonates of the more reactive 
alcohols are known to polymerize and become colored upon 
exposure to moisture. 
At the end of the kO hours the mixture was cooled to 
-10® and 28 ml. of 5 N sulfuric acid was added with stirring. 
The collidinium salts dissolved and unreacted £-toluenesul-
fonyl chloride appeared along with some colored oil. The 
mixture was quickly extracted with chloroform, and after 
drying over magnesium sulfate the chloroform was removed 
under reduced pressure at room temperature. Upon the 
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addition of Bkelly B to the residue, £-toluenesulfonyl 
chloride separated and was filtered off tinder nitrogen pree-
Bure, After removal of the Skelly B and some unreacted 
eyclohexene-2-ol-l under reduced pressure at room tempera­
ture, 0,^ 7 g, of & black undietillable residue remained. 
Again no cyclohexene-2-£-toluenesulfonate-l. 
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DISCUSSION 
The 3-bromooyclohexene-l obtained both from the Wohl-
Zlegler brominatlon In refluxing carbon tetrachloride and 
from the reaction in benzene at ^5° contained 75 per cent of 
the activity in the double bond. Howeyer, no final conclu­
sions can be drawn concerning the mechanism of the bromina-
tion, for this same distribution of activity would have been 
obtained not only if a mesomeric free radical were involved 
but also if formation of the 3-broraocyclohexene-l by a mechan-
iem not involving such an intermediate were followed by 
allylic rearrangement. This is shown below. 
Mesomeric free radical intermediate 
a; 
14 
Br 
14 
\ 
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Allyllc rearr&ng:eroent of the bromidee formed by a mechanlem 
not involving a ffleeomerlc free radical 
14 A 14 
+ 
14 
Br 
14 
Although the occurrence of allyllc rearrangement is less 
likely -with the bromide prepared at ^5® and then distilled 
at -18° and stored at -78®, it cannot be definitely excluded 
because of the known ease of rearrangement of certain allylic 
bromides even at low temperatures, Kharasch, Margolis, and 
Kayo (26) found that the proportion of 3-hromobutene-l in 
the mixture of isomeric bromides obtained by the addition of 
hydrogen bromide to butadiene, decreased in some experiments 
by as much as 20 per cent as the temperature at which the 
reaction v&s carried out was increased from -78 to 0®. The 
presence of the hydrogen bromide may, of course, have 
facilitated the rearrangement, winstein and Young (23) 
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reported that at 75° pure eamples of 3-bromobutene-l and 
l-bromobutene-2 rearranged to the equillbrltim mixture in 1 
hour. In the presence of the slightly acidic eucclnlmlde 
rearrangement to the equilibrium mixture might occur in a 
shorter time and at a lower temperature (22). Furthermore, 
England (,50) observed that samples of 3-bromobutene~l could 
be stored indefinitely at -80® under nitrogen without Iso-
merlzatlon but that on being warmed to room temperature and 
transferred to another vessel after a few days at -80°, iso-
merlzatlon occurred very rapidly with the formation of 30 
per cent of primary bromide In 10 mlnutee. 
If an Si}2* reaction had occurred during the reduction 
of the 3-hroraocyclohexene-l with lithium aluminum hydride, 
the distribution of activity would not be changed for a 
brominatlon which Involved a mesomeric free radical. If a 
concerted free radical mechanism had operated, such reduction 
wotild have caused 50 per cent of the activity to be in the 
double bond. Therefore, the poBBlblllty of rearrangement 
having occurred by an Sjj2' reaction during the reduction need 
not be considered. 
We had planned as part of the present study to determine 
whether or not allyllc rearrangement of 3-hi'o®ocyclohexene-l 
occurs under the conditions of the brominatlon reactions and 
the subsequent isolation by subjecting to these conditions 
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l4 3-bromocyclohexene-l-C -3» prepared by reactions which do 
not involve rearrangement. Of course, before thie wag done 
a radioanalysie of the 3-bromocyclohexene-l-C -3 would be 
carried out to determine whether any rearrangement occurred 
during its isolation. However, because of the difficulties 
involved in the synthesis of cyclohexene-2-£-toluene6ulfonate-l 
the preparation of 3-broinocyolohexene-l-C^^-3 was abandoned. 
The proposed preparation was according to the following 
series of reactions. 
Vo HaNCOIVHCl / \ ^ H,NCONHNH,, 
Ci 
GV.K.Kn.^^.n. CHaCOCOOH / \ ^ CH.COOH • CjrO 
UA1H4 / \ CHsC.H.SO.Cl 
< ..Vr OH 
Gi V o s O i C . H . c H .  — -7 CHsCOCHs 
Mr, John Warkentin at this Laboratory is now investi­
gating another approach to the preparation of a compound 
75 
which can be used to determine the stability of 3-bromocyclo-
hexene-1 to rearrangement under the conditions of the Wohl-
Zlegler reaction and subsequent Isolation. He plans to carry 
out the addition of deuterium bromide to cyclohexadlene-1,3 
in pentane at temperatures ranging from -35 to 0°, At each 
temperature a mixture of 2-bromooyolohexene-3"-ld and 4-
bromocyclohexene-2-ld will result. At the lower temperatures 
the 2-bromocyclohexene-3-ld, formed by 1,2-additlon, is ex­
pected to predominate, and as the temperature is raised the 
proportion of ^ -bromocyclohexene-2-ld will increase as more 
allylle rearrangement occurs (26, 2?). To determine whether 
or not the product of the 1,2-addltion does predominate at 
the lower temperatures each of the mixtures will be dehydro-
halogenated with potassium tertiary-butoxide at the same 
temperature at which the addition of deuterium bromide took 
place and the resulting cyclohexadlene-1,3- will be analyzed 
for deuterium. If it is found by comparison of the values 
of the deuterium content for the different mixtures that the 
2-bromocyclohexene-3-ld does predominate at the lower tempera­
tures, the bromide mixture which was obtained at -35° will 
be subjected to the conditions of the Wohl-Ziegler reaction. 
After isolation from the reaction mixture the bromides will 
be dehydrohalogenated and then analyzed for deuterium. 
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SUMMARY 
The reaction of 1-cyclohexene-l-C^^ with N-bromoBucclni-
mlde was first carried out in refluxing carbon tetrachloride. 
The resulting 3-hromocyclohexene-l-C^^-x was reduced to 1-
cyclohexene-x-C^^ with lithium aluminum hydride. The 1-cyclo-
hexene-x-G^^ was then converted to adipic acid-x-C^^ by ozoni-
zation followed by oxidation with hydrogen peroxide. Treatment 
of the adipic acid-x-C^^ with a benzene solution of hydrazoic 
acid degraded it to carbon dioxide-C^^ and l,4-.diaminobutane-
(?)1-C^^. Radioanalyeis of the adipic acid, carbon dioxide, 
and 1,4-dlaminobutane showed three-fourthe of the activity 
to be in the double bond. 
l^L 
The Wohl-2iegler reaction with 1-cyclohexene-l-C wae 
then carried out in benzene at ^5° in the presence of a small 
amount of 2,2'-azo-bie-2-cyclopropylpropionitrile. The ben­
zene was removed under reduced preseiire at about -20®, and 
lii the 3-bromocyclohexene-l-C -x was evaporatively distilled 
at about -18® under reduced pressure. Radioanalyeis again 
showed that three-fourths of the activity was in the double 
bond. 
No final conclusions concerning the mechanism of the 
v/ohl-Ziegler reaction can be drawn from this work, for the 
same results would have been obtained not only if a mesomeric 
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free radical intermediate were involved but aleo if formation 
of the 3-tromocyclohexene by a mechaniem not involving such 
an intermediate were followed by allyllc rearrangement. Re­
search le now being carried out in thie Laboratory to deter­
mine whether or not 3-hromocyclohexene-l undergoes allyllc 
rearrangemeftt under the conditions of the above reactions 
and subeequent leolation. 
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